Abstract. Myricetin (MYR) is a natural compound that has been investigated as a chemopreventative agent. MYR has been shown to suppresses ultraviolet B (UVB)-induced cyclooxygenase-2 (COX-2) protein expression and reduce the incidence of UVB-induced skin tumors in mice. Despite MYR's promise as a therapeutic agent, minimal information is available to guide the progression of formulations designed for future drug development. Here, data is presented describing the solid-state and solution characterization of MYR. Investigation into the solid-state properties of MYR identified four different crystal forms, two hydrates (MYR I and MYR II) and two metastable forms (MYR IA and MYR IIA). From solubility studies, it was evident that all forms are very insoluble (<5 μg/ml) in pure water. MYR I was found to be the most stable form at 23, 35, and 56°C. Stability determination indicated that MYR undergoes rapid apparent first-order degradation under basic pH conditions, and that degradation was influenced by buffer species. Apparent first-order degradation was also seen when MYR was introduced to an oxidizing solution. Improved stability was achieved after introducing 0.1% antioxidants to the solution. MYR was found to have good stability following exposure to ultraviolet radiation (UVR), which is a consideration for topical applications. Finally, a partitioning study indicated that MYR possess a log P of 2.94 which, along with its solid-state properties, contributes to its poor aqueous solubility. Both the solid-state properties and solution stability of MYR are important to consider when developing future formulations.
INTRODUCTION

Myricetin (MYR,
) is a naturally occurring flavonoid (3, 3′, 4′, 5, 5′, 7-hexahydroxyflavone) found in a variety of fruits such as berries and grapes (1, 2) . Studies have identified flavonols, including MYR, to possess anti-oxidant, antitumor, and anti-inflammatory activity (3, 4) . The potential for dietary phytochemicals, such as MYR, as chemoprevention agents has been reported throughout the literature (3) . With regard to MYR specifically, studies have demonstrated that MYR inhibits tumor cell transformation by direct inhibition of mitogen-activated protein kinase (MAPK)/ERK kinase (MEK) kinase activity in JB6 P+ mouse epidermal cells (5) . This study also illustrated that the inhibitory effects of MYR were more potent than the well-characterized chemopreventive agent, resveratrol. Investigations into the role of MYR in skin cancer, including mechanism and target(s), indicate that MYR suppresses ultraviolet B (UVB)-induced cyclooxygenase-2 (COX-2) protein expression in the same cell lines (6) . Data suggests that this is achieved by MYR competitively binding to ATP to suppress Fyn kinase activity (6) . Additionally, skin tumorigenesis data, via dorsal mouse skin, showed that pretreatment with a topical application of MYR in acetone reduced the incidence of UVB-induced skin tumors (6) .
Despite evidence in the literature demonstrating MYR's promise as a chemopreventative for skin cancer, as well as other indications (7), minimal information is available to guide the progression of formulations designed for future drug development. One of the main issues facing potential formulations is the poor aqueous solubility often found among flavonoids. Quercetin, a flavonoid similar in structure to MYR, has been reported to be fairly insoluble at room temperature (5.5 μg/ml) (8) . Likewise, MYR has also been reported to have low aqueous solubility at room temperature (<1.5 μg/ml) (9) while in vivo experimentation indicated a low bioavailability of 9.6% in rats (10) .
As potential therapeutic benefits of MYR continues to be explored, so too does the approaches to enhance the solubility and absorption. Such delivery systems include complexation with β-cyclodextrins (11, 12) , a microemulsion (13) , and the development of a 1:1 cocrystal with piracetam (14) . The aim of this study is to further investigate the solution and solid-state properties of MYR.
phosphate, sodium citrate, boric acid, hydrochloric acid, sodium chloride, ascorbic acid, sodium metabisulfite, polyethylene glycol (PEG) (200, 300, and 400), acetone, and 1-octanol were also purchased from Sigma-Aldrich. Citric acid, methanol, and propylene glycol were acquired from Spectrum Chemical Company (New Brunswick, NJ,). Sodium hydroxide was obtained from EM Science (Darmstadt, Germany). Ethyl alcohol (200 proof) was bought from Decon Labs (King of Prussia, PA). Acetic acid was from Fisher Scientific (Waltham, MA). Anhydrous methanol and a coulometric reagent were purchased from EMD (Gibbstown, NJ, USA). A Millipore water purification system with a 0.22 μm filter was used for water.
Differential Scanning Calorimetry
Thermal analysis was performed via a Q1000 differential scanning calorimeter (DSC) with an auto sampler (TA Instruments, New Castle, DE) and calibrated with indium. Drug samples were weighed (3-4 mg) and placed into an aluminum hermetic pan with a pin-hole lid. A nitrogen purge of 40 ml/ min was used throughout. Samples were allowed to equilibrate at 30°C for 5 min, followed by a heat ramp of 10°C/ min up to 400°C to determine the melting point (T M ). When investigating possible pseudopolymorphs, the initial equilibration period was followed by a heat ramp of 10°C/min up to 150°C, then cooled to 30°C, and followed by a second heat ramp to 150°C. The enthalpy of the phase transition was calculated by the area under the curve for each endotherm, while entropy of the phase transition was obtained by Eq. 1.
where:
Thermogravimetric Analysis
Thermogravimetric analysis (TGA) was performed on a Q50 TGA (TA Instruments, New Castle, DE). Samples were weighed (3-4 mg) in aluminum pans, sealed with aluminum lids, and heated at 5°C/min up to 400°C. Weight loss as a function of temperature was analyzed, and a nitrogen purge of 60 ml/min was utilized.
Karl Fisher Titration
Water content in different forms of MYR was determined using a TitroLine 7500 Karl Fisher titrator (SI Analytics, Germany). Samples were analytically weighed (2-3 mg), dissolved in anhydrous methanol, and transferred to the titration vessel. A blank sample of anhydrous methanol was used to baseline the system. Samples were run in duplicate.
X-Ray Powder Diffraction
X-ray powder diffraction (XRD) was conducted with a PANalytical X'Pert MPD (PANalytical Inc., Westborough, MA) system with a copper anode (Κα radiation (λ)=1.54 Å) at 45 kV (40 mA target current). High-resolution scans were conducted along the goniometer axis (θ/2θ) at a step size of ca. 0.0167°. Approximately 2700 scans were taken between 2θ of 5 and 50. Samples were placed on a zero background plate and rotated at 0.25 rps.
High-Performance Liquid Chromatography
Reverse-phase high-performance liquid chromatography (HPLC) was used to analyze drug concentrations from a variety of experimental conditions. Samples were analyzed with a Waters system consisting of a 2695 separation module, coupled with a 2487 dual absorbance detector (Waters Corporation, Milford, MA). Separation was achieved using a 150 mm×3.9 mm Apollo C18 5.0 μm column. UV detection was conducted at 373 nm. An isocratic method developed for the detection of the flavonol quercetin (15) was adapted for MYR analysis. A mobile phase (50:50) consisting of methanol:acetic acid (3%) with a run time of 10 min was utilized. Standards were prepared from a roughly 500 μg/ml stock solution of MYR in 100% methanol (MeOH) and ranged from 0.5 to 200 μg/ml. The retention time for MYR was approximately 4.5 min. Samples were run with a constant flow rate of 1 ml/min and an injection volume of 10 μl. All quantifications were based on peak area.
Solubility and Dissolution Studies
Solubility values for MYR were determined by adding excess drug to scintillation vials containing 20 ml of various solvents and then agitated with a rocking shaker. Samples were collected at 30 and 60 min intervals for up to 8 h, and then again at 24 h. Additionally, dissolution studies were performed at 4, 23, 35, and 56°C. In an effort to improve solubility, so that differences in relative solubility could be distinguished, 20% ethanol (EtOH) was utilized as a cosolvent. Samples were collected at 60 min intervals for up to 8 h, then at 24 h. Sampling continued until equilibrium was reached. The solubility of MYR was also determined as a function of various cosolvents. EtOH, MeOH, glycerol (Gly), propylene glycol (PG), and polyethylene glycol 400 (PEG 400) were mixed with water (pH= 5, 0.1 M citrate buffer) in volume fractions of 0.05, 0.15, 0.3, and 0.5. Prior to HPLC analysis, samples were filtered with a 0.2 μm PTFE filter. Potential adsorption of the drug to the filter membrane was investigated by comparing the difference in drug concentration of a standard solution (methanol) before and after filtration with the difference being less than 0.5%. All experimental conditions were performed in duplicate.
Stability Studies
Effect of pH
The effect of pH on the stability of MYR was determined using a citrate buffer in the pH range of 3-5, a phosphate buffer in the pH range of 5-8, and a borate buffer in the pH range of 8-10. Buffers were prepared to a concentration of 0.1 M and pH adjusted with NaOH and HCl as needed and with NaCl to a constant ionic strength of 0.2 M. Samples were prepared with 20% MeOH (V/V) as a cosolvent and a target MYR concentration of 100 μg/ml. Degradation was observed over 3 weeks at 23°C. Stability was determined in duplicate using the HPLC method described above. Shelf life (T 90 ) and half-life (T 50 ) were calculated from the degradation rate constant (κ) for each pH investigated.
Effect of Oxidation
The effects of oxidation on the stability of MYR were investigated by comparing solutions containing 1.5% hydrogen peroxide (H 2 O 2 ) and adding either 0.1% ascorbic acid (AA) or 0.1% sodium metabisulfite (SMS) to assess the effectiveness of the antioxidants. EtOH was used as a cosolvent (20%) to enhance drug solubility, and degradation was observed for 3 weeks at 23°C. Stability was determined in duplicate using the HPLC method described above. Shelf life (T 90 ) and half-life (T 50 ) were calculated from the degradation rate constant (κ) for each system.
Effect of UV Irradiation
Stability was determined by exposing a solution of MYR in acetone to ultraviolet radiation (UVR). Samples were prepared with a target concentration of 200 μg/ml and exposed to a bank of two ultraviolet A (UVA) Sun 340 sunlamps. The lamps UV emission was between 295 and 390 nm, which includes both UVA and UVB wavelengths. Samples were exposed for 82 min for a total dose of 470 mJ/cm 2 . Doses stated represent the UVB portion of the lamp output. Stability was determined in duplicate using the HPLC method described above.
Partitioning
A partitioning study was conducted in order to determine the apparent partition coefficient (P) of MYR. 1-octanol was added to an equal volume of a 0.1 M citrate buffer (pH=5). Six vials containing this mixture where kept on a shaker for 24 h at 23°C to reach equilibrium. Due to the low solubility of MYR, a slight excess of drug was added to the vials and placed back on the shaker for an additional 24 h. MYR was then allowed to separate into the two phases over 24 h. A portion of each phase was sampled, centrifuged, and filtered with a 0.2 μm PTFE filter. 1-octanol phases were diluted 1:1 with ACN, and both phases were analyzed by the HPLC method described above.
RESULTS
Thermal Analysis
Preliminary investigation revealed the existence of two different crystalline materials, identified herein as MYR I and MYR II. An overlay of the differential scanning calorimetry (DSC) and thermogravimetric analysis (TGA) for MYR I can be seen in Fig. 2 . The DSC profile for MYR I showed a total of four endotherms (down) and one exotherm (up). In Fig. 2 , the two sequential endotherms during the early stages of the thermal cycle represent solvent loss (water) at two distinct temperatures (onset temperature of 81°C, 128°C). The third endotherm, onset temperature of 333°C, and a peak of 343°C is believed to be a transition of a metastable anhydrous form, MYR IA, an indication of a solid-solid phase transition. The fourth endotherm, onset temperature of 363°C, and a peak of 367°C was identified to be a final melting point.
TGA studies were performed, and weight loss as a function of temperature was analyzed to determine water loss from the crystal. Weight loss attributed to dehydration was used to help determine the stoichiometry of water:drug molecules present. The TGA for MYR I showed two visible plateaus with onset temperatures similar to its DSC profile (≈80 and 125°C). Total weight loss attributed to dehydration was estimated at 5.6% which represents roughly 1.04 mol of water per mole of MYR.
An overlay of the differential scanning calorimetry (DSC) and thermogravimetric analysis (TGA) for the second solid material, MYR II, is shown in Fig. 3 . Like MYR I, the DSC of MYR II exhibited four endotherms. However, solvent loss (dehydration) is represented by a single endotherm (onset temperature of 50°C). The second endotherm, onset temperature of 313°C, and a peak of 318°C is believed to be a transition of a metastable anhydrous form, MYR IIA, an indication of a solid-solid phase transition. The third endotherm appears to be an additional phase transition. The fourth endotherm, onset temperature of 361°C, and a peak of 368°C was identified to be the final melting point. Additionally, the TGA curve for MYR II displayed one plateau, with weight loss beginning around 50°C resulting in 5.2% weight loss, which corresponds to 0.97 mol of water per mole of MYR.
Entropy of dehydration (ΔS D ) and melting (ΔS M ) were calculated from endotherm onset temperatures and the corresponding enthalpy of transition. These values can be seen in Table I .
With the apparent presence of a hydrate, an attempt to desolvate the crystal was made. A sample of MYR I and MYR II (3-5 mg) was run in a DSC cycle that included an initial heating to 150°C, followed by a cool down to 40°C, and finished with a second heating to 150°C. It was confirmed (data not shown) that the dehydration endotherms were no longer present. However, some features seen in the original profiles remained, such as the solid-solid transitions and melting points.
Following these results, a quantity of both MYR starting materials were dehydrated for future studies. This was achieved by heating the sample to 150°C in the TGA, holding the temperature for 30 min, and verifying the absence of water with the DSC. Dehydrated forms are referred to as MYR IA and MYR IIA.
Karl Fisher Titration
Karl Fisher titration (KF) confirmed the presence of water in the starting material for both MYR I and MYR II. The average water content for MYR I was 4.9%, converting to an estimated 0.87 mol of water per mole of MYR. By comparison, the average water content for MYR II was 11.7%, resulting in an estimated 2.07 mol of water per mole of MYR, which is twice of that found from the TGA studies.
X-Ray Powder Diffraction
Four solid forms of MYR were characterized by X-ray powder diffraction (Fig. 4) , and differences between all four diffraction patterns were seen across the full range of 2θ. Differences in the diffraction patterns of the starting materials (patterns 1, 3) confirm a different crystal structure for each hydrate. Comparing these patterns showed differences in diffraction, for example, between 10-15, 25-30, and 40-45 2θ. Similarly, when comparing MYR I and MYR IA (patterns 1, 2), substantial changes were seen in the diffraction patterns following dehydration, indicating a different crystal structure for the anhydrous form. Comparing these patterns, differences in diffraction was seen between 5-20, 25-30, and 40-45 2θ. In the case of MYR II and MYR IIA (patterns 3, 4), different diffraction patterns were also seen particularly between 25 and 30 2θ; however, the differences are less distinct, suggesting that the two crystal forms share some similar structural attributes. 
Solubility Determination
Aqueous solubility of four MYR crystal forms was determined at 23°C. The dissolution profiles can be seen in Figs. 5 and 6, respectively. From Fig. 5 , a difference in solubility characteristics between MYR I and MYR IA could be seen. The dissolution profile of MYR I had a maximum solubility of 1.1 μg/ml and remained relatively close to 1 μg/ml for the first 8 h until reaching an apparent equilibrium value of 0.5 μg/ml after 24 h. To the contrary, the apparent solubility of MYR IA reached a maximum of 5.0 μg/ml and began to decline more rapidly, leveling off around 3.2 μg/ml after 24 h.
From Fig. 6 , the dissolution profiles of MYR II and MYR IIA revealed that the relative solubility difference between the two forms is not as substantial, when compared to the relative difference between form I and IA. Solubility for both MYR II and MYR IIA had a maximum value under 1 μg/ml (0.6 and 0.7 μg/ml, respectively) and after 24 h apparent equilibrium values were similar to their maximum.
Since both MYR I and MYR II can be categorized as very insoluble, further studies comparing the two were done by altering parameters to enhance the solubility. This included the addition of a cosolvent to the system and evaluating solubility at different temperatures. Dissolution studies were performed at 4, 23, 35, and 56°C. In an effort to improve solubility so that differences in relative solubility could be distinguished, 20% ethanol (EtOH) was utilized as a cosolvent. The dissolution profiles comparing the solubility of MYR I and MYR II at 23 and 35°C can be seen in Fig. 7 .
At 23°C, the dissolution profile in Fig. 7 showed that MYR I had an initial solubility of 12.4 μg/ml that began to decline after 2 h, reaching an apparent equilibrium solubility of 9.3 μg/ml after 24 h. At the same time, the apparent solubility of MYR II gradually reached its apparent equilibrium solubility of 12.9 μg/ml following 24 h. Data at 35°C showed that MYR I had an initial solubility of 27.2 μg/ml which began to decline after 2 h, reaching an apparent equilibrium solubility of 22.1 μg/ml after 24 h. In contrast, MYR II gradually reached its apparent equilibrium solubility of 33.1 μg/ml after 24 h.
The results from 4 to 56°C can be seen in the Arrhenius plot below in Fig. 8 . In Fig. 8 Solubility of MYR was determined at pH 5 for several commonly used cosolvents, EtOH, MeOH, Gly, PG, and PEG 400. Figure 9 shows the effect of cosolvent concentration, as a function of the volume fraction, on the solubility of MYR. A general log-linear increase in solubility was seen for each cosolvent; however, there were differences in curvature. With 0.5 cosolvent, the highest increase in solubility was achieved with PEG 400 (72.8 μg/ml) while the lowest solubility was seen with Gly (10.1 μg/ml). The remaining three cosolvents had nearly identical results. Table II presents the initial solubilization slopes (σ) obtained for each cosolvent as well as the solubility determined with 0.5 cosolvent.
Stability Studies
Drug stability can be affected by different pHs, catalyzed by either hydrogen ions or hydroxide ions and in some cases both. Stability of MYR was determined at eight different (4) pHs ranging from 3 to 10 and utilizing different 0.1 M buffers (citrate, phosphate, and borate) at 23°C and a constant ionic strength of 0.2 M. In two instances, at pH 5 and 8, different ion species were used to compare their effect on degradation. From the kinetic rate profiles (data not shown), it was evident that MYR undergoes apparent first-order kinetics in the pH conditions investigated. The degradation rate constants (κ) were calculated from the slope of the log-linear best fit regression. Rate constants were used to plot a pH-rate profile (Fig. 10) for MYR that indicates that MYR undergoes base-catalyzed degradation.
From the degradation rate constant, half-life (T 50 ) and shelf life (T 90 ), defined as the time at which 10% of the drug has degraded, can be calculated. The most stable condition was pH 3 citrate buffer (T 50 =1155 h) while the least stable was pH 8 phosphate buffer (T 50 =0.1 h). A summary of the data can be seen in Table III . No pH change was noted in any of the samples over the course of the study.
Accelerated oxidation can be achieved with the aid of peroxides. In low concentrations, hydrogen peroxide will produce primary oxidative degradation products and stability can be analyzed over time. From the kinetic rate profile (Fig. 11) , it appeared that MYR undergoes apparent first-order kinetics.
MYR seemed to be fairly labile in a 1.5% H 2 O 2 solution (T 50 =14.6 days). A moderate improvement in stability was seen when adding 0.1% of the anti-oxidant ascorbic acid (AA) (T 50 =23.7 days) whereas a greater improvement was seen with the addition of 0.1% sodium metabisulfite (SMS) (T 50 =143.5 days).
To investigate light stability, a solution of MYR in acetone (≈200 μg/ml) was dosed with 470 mJ/cm 2 of UVR. Following exposure, there was approximately 87% of the initial MYR concentration remaining.
Partitioning Study
An average of six measurements of MYR added to 1:1 1-octanol:water was used to determine the partition coefficient. The concentration of MYR in the 1-octanol phase was determined to be 870 times higher than in the aqueous phase. The resulting oil/water partition coefficient (log P) is therefore 2.94. This value is in agreement with the 1:10 and 1:5 n-octanol:water data reported (11) .
DISCUSSION
Presented data supports the existence of two hydrated forms and two metastable anhydrous forms of MYR which have not previously been reported. It has been estimated that one third of active pharmaceutical substances are capable of forming a hydrate (16) . In most cases, hydrates contain water molecules within the crystal lattice that are bound at either isolated or channel sites (17) . The addition of the water molecule(s) in the crystal can alter the physical structure including changes to the shape, symmetry, and capacity of the unit cell (18) . These changes can lead to differences in pharmaceutical properties such as solubility and chemical stability (18) .
The different thermal profiles of the MYR starting materials, particularly the different onset dehydration temperatures, suggests a difference between the two drug lots that is due to different hydrate crystal structures. For example, the sharper DSC dehydration endotherm of MYR I, along with the high dehydration temperature, is more typical of hydrates that contain isolated binding sites (17) . The broader dehydration endotherm along with its low onset temperature, seen with MYR II, is characteristic of a channel binding hydrate (17) . The presence of water in the starting materials was confirmed by Karl Fischer titration, while the stoichiometry of the water:drug molecules was calculated by the weight loss determined from the TGA. It was found that both MYR I and MYR II had roughly 1 mole of water per mole of drug.
XRD analysis of the two starting material lots and their respective dehydrates confirmed the presence of four unique crystal structures. Differences between all four diffraction patterns were seen; however, the similarity of MYR II and MYR IIA patterns suggests the possibility of MYR IIA existing as an isomorphic desolvate (19) . An isomorphic desolvate is characterized as a desolvate that essentially retains the crystalline structure of the parent solvate and are often identified through similarities between XRD patterns (19) . Additionally, isomorphic desolvates are generally considered to be highly hygroscopic, possessing low-energy activation for rehydration (19) . Similarities in the crystal structures of MYR II and MYR IIA could explain the similarities seen in their water solubility profiles discussed below.
In addition to solid-state studies, solubility and dissolution profiles were acquired for the different crystal forms. At room temperature, both metastable forms of MYR (MYR IA and MYR IIA) had higher apparent aqueous solubility following 24 h than the hydrated forms (MYR I and MYR II); however, these differences in solubility were not equal. For example, MYR I had an apparent solubility of 0.5 μg/ml following 24 h whereas MYR IA, due to the metastable nature of the crystal, had an apparent solubility of 3.2 μg/ml after 24 h. Solubility for both MYR II and MYR IIA were relatively similar (0.6 and 0.7 μg/ml, respectively) after 24 h suggesting the metastable form (MYR IIA) retained some crystalline features from the parent hydrate (MYR II) . Surprisingly, the dissolution rates for all of the crystal forms were relatively high considering that the intrinsic solubilities are very low. Since both MYR hydrates possess a unique DSC profile, potential conversion between crystal forms was investigated. Following a 7-day period, excess solid was sampled from a solubility study (23°C) and DSC profiles indicated that neither MYR IA nor MYR IIA had reverted back to a hydrated state nor did either hydrate convert to another form. Solubility studies comparing the two hydrate forms were conducted at four temperatures (4, 23, 35 , and 56°C) and aided by the addition of a cosolvent (20% EtOH). It was observed that MYR I had lower solubility at 23, 35, and 56°C indicating that it appears to be the more stable crystal hydrate. Interestingly, these results were reversed at 4°C, but it must be noted that the solubility differences between the two hydrates are small. Solubility studies were also performed with various cosolvents and were conducted at 23°C. While all of the cosolvents provided an increase in solubility in a log-linear fashion (exponential increase), the resulting solubilities were all less than 100 μg/ml. In fact, even for the most nonpolar cosolvent, PEG 400, the solubility was only 72.8 μg/ml using 50% cosolvent. Based on these studies, the use of cosolvents will have limited applicability in solubilizing aqueous solutions of MYR.
Stability of MYR under various pH conditions, oxidative stress, and UV irradiation was also evaluated at 23°C. The pH-rate profile showed that MYR undergoes base-catalyzed degradation. Interestingly, the slope from pH 5 (citrate) to pH 10 (borate) is 1.5 with an R 2 =0.99, potentially indicating that in addition to base catalysis, there may be other mechanism of degradation occurring. From the data, it was evident that the stability of MYR is highly dependent on pH. In fact, stability varied nearly 10 log units between the maximum and minimum rate of degradation. In addition, it is important to consider buffer type when developing future formulations. MYR was seen to be fairly labile when introduced to an oxidizing agent. From the chemical structure, it is evident that MYR contains several hydroxyl groups which can be susceptible to a number of oxidation reactions, when exposed to a peroxide, including nucleophilic addition reactions (20) . Degradation as a result of oxidation can often be stabilized by the addition of antioxidants (21) . In this study, improved stability was achieved with addition of ascorbic acid and sodium metabisulfite, with greater stability seen in the latter. Both antioxidants can be classified as sacrificial reductants, which effectively scavenge oxygen while being consumed themselves (20) .
Exposure to UVA and UVB has been shown to cause DNA damage, erythema, immunosuppression, and eventually, skin cancer (22, 23) . Following a dose of 470 mJ/cm 2 of UVR, MYR was found to degrade roughly 13% from its original concentration. Observed stability is indeed relevant, as this UVR dose represents more than double the minimal erythema dose (MED) for sun reactive skin type VI and far exceeds the MED for skin types I to V (24) .
A log P value of −0.04 was initially calculated by the software ACD/Chemsketch (25) . Experimental determination of MYR log P resulted in a value of 2.94, nearly 1000× greater than originally estimated. Thus, the very low aqueous solubility of MYR can be attributed to the combination of crystal component and lower than expected log P.
CONCLUSIONS
Solid-state characterization of four forms of MYR, two hydrates and two metastable forms, was conducted. Data supports the two hydrates containing different binding sites for the included water, with MYR I likely an isolated hydrate and MYR II likely a channel hydrate. Solubility studies also confirmed that the most stable form at 23, 35, and 56°C was MYR I. Overall, MYR was shown to be poorly soluble in water, with modest improvements seen with the addition of various cosolvents, particularly PEG 400.
Stability studies indicated that MYR undergoes rapid apparent first-order degradation under basic pH conditions and that degradation can be influenced by buffer species with accelerated degradation seen in phosphate buffers. Apparent firstorder degradation was also seen when MYR was exposed to an oxidizing solution. Improved stability was achieved after introducing 0.1% antioxidants to the solution, with the greatest improvement seen with sodium metabisulfite. Following a dose of UVR, MYR was found to have good stability, which is a consideration for topical applications. Finally, a partitioning study indicated that MYR possess a log P (2.94). Both the solid-state properties and solution stability of MYR are important to consider when developing future formulations. 
